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Currently optical methods are gaining ground for biomedical applications such as cancer and cardiovascular 

diagnostics, dermatology, ophthalmology, pharmaceutical research, cosmetics and healthcare industry. 

Benefits of optical techniques are their non-invasiveness, ability for remote monitoring and access to biological 

objects from cell to body level, to name a few.  

 

Light irradiation dose, measurement volume, sensitivity of optical modalities are of crucial importance in 

biomedical diagnostics before implementing the developed techniques in in vivo research and clinical trials. 

An essential part of the preliminary studies is use of phantoms and simulations for optimal configuration of 

the setup and refining the measurement procedure. Up to now, such simulations were performed in every lab 

using own codes and local resources.  

 

We report about the next step in the computational diagnostics, an online computational platform for the 

needs of biomedical optics and biophotonics. The platform serves as a tool for calculation of a sampling 

volume, fluence rate, skin spectrum, skin color, and a number of optical techniques including optical coherence 

tomography, polarization, coherent backscattering, pulse oxymetry, confocal microscopy, fluorescence, and 

diffuse wave spectroscopy.  

 

We used the inheritance feature of Object-oriented programming (OOP) to create a ‘smart’ hierarchical 

structure of the Monte Carlo (MC) code to avoid having multiple classes for similar tasks. The hierarchy allows 

‘allied’ objects to share variables and members, significantly reducing the amount of source code and paving 

the way to extend and generalize the MC. Depending on the application, objects can be tuned to an appropriate 

state of light-tissue interaction and to a particular optical diagnostic technique.  

 

To achieve optical simulation performance, we employed a developed parallel computing framework 

known as Compute Unified Device Architecture (CUDA), introduced by the NVIDIA Corporation. Specially 

designed for professional 3D graphics applications, this technology allows each graphic chip to be logically 

divided into hundreds of cores, turning the graphics processing unit into a massive co-processor for parallel 

computations. This capability enables simulation of thousands of objects - i.e., simultaneous propagation of 

photons in the medium - that speeds the process of simulation up to 103 times.  

 

The computational solution utilizes recent developments in HyperText Markup Language (HTML) 5, 

accelerated by the graphics processing units (GPUs), and therefore is convenient for the practical use at the 

most of modern computer-based devices and operating systems. Figure 1 shows the interactive user interface 

for selecting a particular MC application. The results of imitation of human skin reflectance spectra and the 

corresponding skin colors are presented in Figure 2.  

 

The platform can ease research in a number of areas and can be used for professional and educational 

purposes. 



 
Figure 1. A variety of options offered by the online platform (www.biophotonics.fi). 

             

 

 

 

 

 

 

 

Figure 2. Results of MC simulations of human skin spectra and corresponsing colors while varying 

the melanin content in living epidermis (left): (1) – 0%, (2) – 2%, (3) – 5%, (4) – 10%, (5) – 20%, (6) 

– 35%, (7) – 45%; and while varying the blood concentration (right) in the layers from papillary 

dermis to subcutaneousl tissue: (1) – 0%, (2) – 2%, (3) – 5%, (4) – 10%, (5) – 20%, (6) – 35%, (7) – 

45%, respectively. 
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